Rice (Oryza sativa L.) supplies nourishment to about half of the population of the world's inhabitants. Of them, more than 2 billion people suffer from "hidden hunger" in which they are unable to meet the recommended nutrients or micronutrients from their daily dietary intake. Bio-fortification refers to developing micronutrient-rich diet foods using traditional breeding methods and modern biotechnology, a promising approach to nutrition enrichment as part of an integrated strategy for food systems. To improve the profile of rice grain for the biofortification related traits, understanding the genetics of important biofortification traits is required. Moreover, these attributes are quantitative in nature and are influenced by several genes and environmental variables. In the course of past decades, several endeavours such, as finding the important quantitative trait loci (QTLs) for improving the nutrient profile of rice seeds were successfully undertaken. In this review, we have presented the information regarding the QTLs identified for the biofortification traits in the rice.
Introduction
RICE (Oryza sativa L.) provides energy and nutrition to almost half of the world's population 1 . In most developing countries, especially in Asia, rice is consumed in significant quantities and is the main component diet. In the present scenario, high yielding rice varieties are low in mineral elements. Milled or polished rice is not a significant source of any major mineral elements and therefore, it can't meet up with the recommended daily dietary intake for mineral elements. Moreover, around 792.5 million people across the world are malnourished, out of which 780 million people live in developing countries 2 . Thus, most riceeating, resource-poor people in Southeast Asia, Africa and Latin America suffer from chronic micronutrient malnutrition, often referred to as hidden hunger 3 .
Protein-energy malnutrition affects 25% of children those with the dietary intake of predominantly rice, and staple crops have low levels of an essential amino acid 4 . Further, rice has relatively low (8.5%) protein content as compared to other cereals such as wheat, barley and millets. Moreover, the average protein content in milled rice is around 7%. However, the total seed protein content of rice consists of 60-80% glutelin and 20-30% prolamin 5 . Interestingly, rice supplies about 40% of the total protein requirement of humans in developing countries 6 . essential protein, vitamins and micronutrients are deployed to consumers through traditional farming and food trading practices, thus providing a feasible way to reach undernourished and low-income families with limited access to various diets, supplements and fortified foods 21 .
Protein content in rice
Grain protein content (GPC) in rice is one of the major factors which decides the nutritional value of rice food and influences the palatability of cooked rice 22 . Rice's seed protein content consists of 60-80% glutelin and 20-30% prolamin, regulated by 15 and 34 genes respectively 5 . It supplies about 40% of the protein to humans through diet in developing nations, and rice GPC quality is high owing to lysine richness (3.8%) 6 . Improving GPC in rice grain is, therefore, a significant goal for plant breeders and biotechnologists. More than twenty QTL mapping studies have been conducted in the last two decades to explore the genetic base of the protein content in rice. Moreover, to our knowledge, more than eighty stable and consistent QTLs for GPC have been identified and mapped on all twelve chromosomes of rice, although the majority of them were mapped on chromosomes 1, 2, 6, 7, 10 and 11 (Table 1) . For the first time, Tan et al. 23 mapped two QTLs, one in the interval of markers C952-Wx on chromosome 6, with the phenotypic variance explain (PVE) 13.0%; and the other one in the interval markers R1245-RM234 on chromosome 7 with PVE 6.0%. In another study, Aluko et al. 24 32 detected a total of 29 QTLs in the whole population, and ten QTLs in the two sub-populations for seven traits, four of which (one qPRO3.1 for protein content) were detected in the entire population but remaining six QTLs were not. These six QTLs with minor effects might have covered by the Wx locus when mapped in the whole population. In addition to usual biparental populations such as recombinant inbred lines, backcross inbred lines and doubled haploid lines, advanced population, i.e. chromosome segment substitution line (CSSL) populations have also been employed 33 . Yang et al. 33 used a CSSL population derived from the cross of a Japonica variety (Sasanishiki) with Indica variety (Habataki) and identified a total of seven QTLs in three environments, although only one QTL (qPC-1) was detected across three environments explaining 10.38-15.43% of PVE.
Furthermore, they developed F2 and F3 segregating populations from the cross between a CSSL with low PC, SL402, harbouring qPC-1 and Sasanishiki, and delimited the region of qPC-1 to a 41-kb on chromosome 1. These results may be helpful to introgress the QTL for GPC into rice cultivars using marker assisted selection. In one study, Bruno et al. 34 observed compromised heritability percentage for protein whereas higher heritability percentage for the amylose content in a DH population derived from a cross between Cheongcheong and Nagdong. They mapped a QTL for GPC on chromosome 7 linked with the marker RM8261, explaining 14 % of PVE.
As has been shown by previous studies, identification of robust QTLs for GPC in rice grains have been restricted because of lack of appropriate donors, non-utilization of high throughput phenotyping and genotyping platforms and high genotype × environment (G × E) interaction. To overcome these restrictions, recently Chattopadhyay et al. 35 genotyped a BC3F4 mapping population derived from the cross between grain protein donor, ARC10075 and high-yielding cultivar Naveen, using 40 K Affymetrix custom SNP array and identified three stable QTLs (namely, qGPC1.1, qSGPC2.1 and qSGPC7.1) for GPC explaining 13%, 14% and 7.8% of PVE, respectively. QTLs identified in these study can be useful to improve the nutritional quality of rice grain. The closely linked markers that flanked the identified QTLs can be used to aid quality selection in breeding programs. And the results of the coincidence between the QTL detected, and the loci involved in protein biosynthesis pathways might be helpful for gene cloning by the candidate gene method.
Amino acid content
In addition to GPC, improvement in the amino acid composition is important to meet the food demands of a growing global population. A major function of proteins in nutrition is to supply adequate amounts of required amino acids 36, 37 . Depending on requirement and availability in animal metabolic processes, Essential amino acids cannot be synthesized by animals, but play a crucial role in metabolism 38 . Therefore, improving amino acid content in rice grain is an important objective. Several studies using the linkage mapping approach with various mapping populations have provided useful genetic information for improving the amino acid composition (AAC) in rice grains. Wang et al. 39 Interestingly, they also detected wide coincidence between the QTLs and the loci involved in amino acid metabolism pathways, including N assimilation, transfer and protein biosynthesis. In a similar study, Zhong et al. 25 reported 48 and 64 QTLs each contributing 4.0% to 43.7% to the total phenotypic variance, in 2004 and 2005, respectively. They also reported good coincidence between the detected QTL and the loci involved in amino acid metabolism pathways in nitrogen assimilation and transport, or protein biosynthesis. In another study, Zheng et al. 40 mapped a total of ten QTLs explaining 12-35 % of PVE for histidine on chromosomes 1, 2, 3, 6, 7, 10, 11, and 12; and 8 QTLs explaining 16-33% of PVE for arginine on chromosomes 2, 3, 5, 6, 7, 10, 11, and 12. All QTLs showed significant additive effects from the triploid endosperm and diploid maternal plant while 2 QTLs for Histidine and 2 for Arginine content also showed significant dominant main effects from the triploid endosperm. Various interactions between QTLs and environment were detected for 5 QTLs associated with Histidine content and 2 QTLs associated with Arginine contents. QTLs associated with amino acid contents and linked/flanking markers are summarized in Table 1 . Recently, Yoo 41 mapped a total of six main-effect QTLs located on chromosome 3, contributing 10.2-12.4 % PVE for the content of six amino acids. The QTL cluster (qAla3, qVal3, qPhe3, qIle3, and qLeu3) in the interval of markers id3015453 and id3016090, was found to be associated with the contents of five amino acids and accounted for PVE from 10.2 to 12.8%. Although, they also detected 26 digenic interactions for the content of seven amino acids viz. Asp, Ser, His, Gly, Arg, Ala, and Tyr involving 25 loci distributed on the nine chromosomes but they did not find any interaction for the other nine amino acids. Therefore, these identified QTLs results will be useful to find the candidate genes and favourable alleles for the enrichment of nutritional value in rice grain.
Zn and Fe contents in rice
Zn deficiency in grown-up children and adolescent males causes retarded growth and dwarfism, retarded sexual development, impaired sense of taste and poor appetite and mental lethargy 42 . Several roles of zinc found involved in an abundant no. of proteins in biological systems to maintain their structural stability function. It has found that Zn is essential for gene regulation and expression under stress conditions and is therefore required for protection against infections and disease 43 . Likewise, iron has so many vital functions in the body like as a carrier of oxygen to the tissues from the lungs 44 .
In last two decades, more than 80 QTLs have been identified and mapped on all twelve chromosomes of rice for zinc and iron contents using various mapping populations derived from different intraspecific and interspecific crosses. QTLs associated with zinc and iron contents and linked/flanking markers are summarized in Table 1 . As per our knowledge, for the first time, Stangoulis et al. 18 mapped two QTLs for Zn and three QTLs for Fe on chromosomes 1, 2, 8 and 12 explaining 12.8 to 15% and 13.8 to 18.3% of PVE, respectively. Besides, Garcia-Oliveira et al. 17 detected one major effect QTL explaining most significant proportion of PVE (11%-19%) for zinc, flanking by SSR marker RM152 on chromosome 8. In other various studies, several QTLs have been reported which explained a large amount of PVE either for zinc or for both iron and zinc contents [45] [46] [47] [48] [49] [50] [51] .
Ishikawa et al. 52 mapped four QTLs on chromosomes 2, 9, and 10 explaining 15.0-21.9% of PVE for grain zinc content using backcross recombinant inbred lines (BRILs) derived from O. sativa 'Nipponbare' and O. meridionalis W1627. Further, they fine mapped QTL (named qGZn9) present on chromosome 9, and identified two tightly linked loci, qGZn9a (candidate region-190 kb) and qGZn9b (950kb). They also showed the association of wild chromosomal segment covering qGZn9a with fertility reduction and hence they recommended the use of qGZn9b as a valuable allele for breeding rice with high Zn in the grains. In another study, Swamy et al. 53 identified 20 QTLs for agronomic traits and total 59 QTLs for several biofortification traits including eight QTLs for grain zinc and one QTL for grain iron, mapped on chromosomes 2, 3, 4, 6, 8, 11 and 12. They also detected eight epistatic interactions for Zn, Cu, Mg and Na in a double haploid population. Furthermore, they identified several candidate genes near grain zinc QTL (OsNRAMP, OsNAS, OsZIP, OsYSL, OsFER, and OsZIFL family), which may be useful for marker-assisted breeding for this important trait. Recently in 2019, two critical studies were conducted, in first study, Descalsota-Empleo et al. 44 phenotyped two DH populations at two seasons and genotyped with a 6 K SNP chip, and identified total 15 QTL for agronomic traits and 50 QTL for grain element concentration including eight QTLs explaining 8.6 to 27.7% PVE for grain zinc. They also analyzed the combined effect of QTL in both populations. Among the single-QTL lines, those with qZn9.1 showed highest mean grain Zn of 18.1 and 19.1 mg kg -1 in two consecutive seasons, respectively. They reported an increase in the content of zinc with the increase in number of QTLs and observed highest grain Zn of 28.2 and 24.3 mg kg -1 in two seasons, respectively in four QTL line (qZn2.1 + qZn5.1 + qZn5.1 + qZn11.1). Their results showed the possibility of QTLpyramiding for improving the zinc content in rice. In another study, Kumar et al. 55 detected one QTL for Zn and five QTL for Fe having PVE 25% and 34.6 to 95.2% respectively, using F4 Population (579 individuals) derived from a cross between PAU201 and Palman. These identified QTLs can significantly enhance the efficacy of breeding programs to improve the Zn and Fe density in rice.
Phytic acid
Phytic acid is an essential constituent in staple foods like legume and cereals, which has been of much concern 56 . In addition of its beneficial effect on human health, it has some anticancer and anti-oxidant functions and prevents coronary disease, it is well known that phytic acid acts as strong chelating agent of mineral nutrients such as Ca, Zn and Fe 56 . It has seen that the presence of complex of phytic acid, in the form of phytate, there is a significant reduction found in bio-availability of nutrient elements 57 . It seems reasonable to control phytic acid contents in edible parts of crops to a level in which the medical and health functions of the food may be maintained, and bio-availability of minerals is not much altered 58 .
Liu et al. 59 assayed 72 cultivars for protein content and phytic acid and reported a wide range for phytic acid ranged from 0.685% to 1.03%, with a an average of 0.873%. Interestingly, grain phytic acid and protein content were not correlated, which suggests the possibility of breeding rice for phytic acid and high protein content. Furthermore, they also reported a significant effect of varieties, locations and their interactions on phytic acid content, with the location having the most considerable impact which suggests the necessity of multi-environment trials for the accurate evaluation of rice germplasm for phytic acid content.
Although, sufficient genetic variation for phytic acid has been reported in various studies 59,60 , unfortunately, only one study has been conducted to map the QTLs for phytic acid in rice 18 . Stangoulis et al. 18 identified two QTLs explaining 15.4-24.3% of PVE for grain phytates from an IR64 × Azucena double haploid population. One common QTL for phytate and total P concentrations on chromosome 5 with the (high concentration) allele contributed from Azucena was identified. Furthermore, it was reported that Fe, Zn and Mn contents in grains have different genetic regulation because the QTLs of phytate was not located on the same chromosomal regions as those found for Fe, Zn and Mn 18 . So, there is a great possibility to find segregants having a low level of phytic acid and high level of Fe, Zn and Mn content. The use of molecular markers in breeding and selection to reduce the grain phytic acid and improving the nutritional value of cereal grains.
Conclusions and Future Prospects
Biofortification is a promising, cost-effective, agricultural strategy to improve the nutritional status of the worlds under nourished populations. Strategies for Biofortification based on crop breeding, targeted genetic manipulation and/or mineral fertilizer application have great potential to address human mineral malnutrition. Developing biofortified food crops with improved nutrient content such as increased content of iron, zinc, Se, and provitamin A provides adequate levels of these and other such micronutrients that are often lacking in developed and developing diets. International initiatives, such as the CGIAR centres in collaboration with HarvestPlus and national initiatives, serve as pillars for achieving these objectives.
These efforts have resulted in crops with the potential to increase both quantities and bioavailability of essential mineral elements in human diets, particularly in elementary cereal crops such as rice, wheat, maize, cassava, beans and sweet potatoes. However, crop biofortification is a challenging task. Collaboration between plant breeders, nutritionists, genetic engineers, and molecular biologists is essential to achieving this. Breeding approaches are generalized and easy to accept and have been used to improve food nutritional qualities sustainably. While the greater emphasis is placed on molecular breeding based approaches of which success rates are much higher as transgenically fortified crop plants. It faces hurdles due to consumer acceptance, costly and time-consuming regulatory approval processes adopted by different countries. Biofortified crops have a very bright future in addition to these challenges, as they have the potential to eliminate micronutrient malnutrition among billions of poor people, particularly in developing countries.
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